In this chapter we will introduce motion quality as an analog signal in communication.
A short history of motion research
The information processing approach to studying the nature of human communication uses signal and response, sending and receiving, and encoding and decoding for the structural explanation of interaction between individuals. On the surface, this approach seems quite practical. One organism, the sender, encodes information into a signal. The signal is passed on to another organism, the receiver, who decodes the signal. The receiver is capable of responding appropriately, or not. In this approach a signal is a defined entity, bound within a signal frame.
The description of communication from this sequential, information processing level has served as a guideline for communication research for many years, maintaining much of its popularity through the ease of its empirically testable framework. Recent research has shown, however, that this view of communication is most likely too simplified and has several flaws. One problematic area is the lack of direct linkage between signals and their causes and effects (Grammer et al. 1997) . A key problem may be the assumed "knowledge" that must accompany signal encoding and decoding. The receiver has to recognize that a signal is present. Then he has to add knowledge in order to be able to decode the meaning of this signal. This means that the receiver has to share knowledge with the sender, and that there have to be signals for the transfer of knowledge.
A second problem with this "ping-pong" approach to communication that uses discrete signals is a methodological one. Even if behavior can be categorized in organized single chunks of movement, there is always the impression that the choice of a particular feature is arbitrary, subjective, a matter of scientific artistry and intuition (Schleidt and Crawley 1980) . Although this problem was recognized as early as 1980 almost nothing has changed in behavioral research. This leads to the fact that we observe and analyze what we want to observe and analyze. Thus in many cases the hypotheses we have are confirmed automatically.
When categories are used for the assessment of meaning and function of non-verbal behavior the results are rarely reproducible. Especially in human communication, signals seem to take different meanings, which are context specific. Partially, this might be due to the observational approaches used for coding behavior.
Basically, the choice of units is left to intuition. Categories can reach from single muscle movements or groups of muscles, to more complex units like walking or emotions. On a second level, static components like posture and bodily appearance will play a role. For any description of behavior the reliability is crucial, which depends on the scope of the category, that is the number of actually different movements which are subsumed, and the level of description itself. In such a categorical, sequential, information-processing approach two main problems arise.
The first problem is that the judgment is not objective-every observer classifies behavioral events differently and the same observer could classify the same action differently at different times. The second problem is a more fundamental one: Variations in a non-verbal signal possibly carrying information relevant for communication are lost if they are put into discrete classes (Grammer et al. 1997) . Observers recognize "movementGestalten" (form) and name and count them. This is a lexically language-like or semantic process. The same problem arises at the lowest level of verbal communication. If speech sounds are put into abstract phonological categories as required by classic linguistic models, all the remaining information present in the sound (the speaker's gender, age, emotional state, etc.) disappears (Galantucci et al. 2006) . Shanker and King (2002) present an alternative view to this traditional informationprocessing, sequential signal transfer theory of communication. In their view, communication is a dynamic system of cross modal attunement. Communication is seen as an affective interaction that includes attention regulation, engagement, intentional affective signaling, reciprocal affective problem solving, affectively mediated creation of ideas, and affectively mediated thinking (Greenspan 1997) . The communication system can be conceptualized in terms of engagement and disengagement, synchrony and discord, breakdown and repair. Here, all elements continuously interact and change with respect to one another, forming a mutual aggregate pattern-the so-called coregulated activity. The key point is that communication is dynamic rather than purely sequential.
The assumption that communication is a dynamic system is, however, not entirely new. In the last decade of communication research, broad consensus about certain principles governing communication has been reached by investigators of both animal and human"I don't lie to you". So the basic constraint is creating trust in order to ensure further cooperation between the communicators.
◆ The control of communication success:
Monitoring the communication process permanently is necessary to avoid signaling that does not reach the receiver. At first sight this is only a technical problem. This constraint certainly consist of controlling and manage encoding and decoding errors, and the need to deal with competing signals from the environment. Furthermore, communication can be modulated on the go in order to meet the specific needs of the dyadic constellation.
◆ Mutual manipulation attempts: We propose that communication serves the primary goal of pursuing individual goals, following the thoughts of Krebs and Dawkins (1984) . Thus, a communication process is driven by the individual goals of the interactants, which might be in conflict with each other. Consequently, both will try to manipulate the behavior of the other, to serves their own needs best, while at the same time trying to estimate the goals of the other as a means to intercept manipulation attempts from the other. This context provides the stage on which mind reading and theory of mind evolved, leaving their traces in the way we communicate.
◆ The possibility of deception: There are two ways to deceive in a communicative situation. One can withhold information (for example about ones own goals and needs), leaving the other ignorant. This so-called "Poker-Face Strategy" is a useful tool when manipulating others, since it opens the possibility of indirect strategies, which are often applied by subordinates when trying to manipulate the behavior of dominant individuals. The other type of deception involves sending false information, the "KGB Strategy". This type of deception is more costly, since when caught in this deceptive act the consequences will be harder. Communicators permanently face the possibility that the other might not communicate the whole truth. Falling prey to false signaling usually involves costs, which can be detrimental to one's own fitness. Therefore the selection pressure to detect deception is high.
Thus we propose that specific mechanisms have evolved, which are able to cope with the basic constraints on communication. Communication success can be monitored by a feedback system (i.e. monitoring communicational parity; Galantucci et al. 2006 , and this volume), thus mutual manipulation can be achieved by displaying signals that promote the action tendencies of the signaler. But the communication process also gives rise to deception, which is an important element in generating and maintaining one's adaptive communicational advantage over his or her potential competitors. As Dawkins and Krebs (1981) propose, presenting one's intentions in a communication may be a costly mistake, since the intentions of one organism may be the exact opposite of the others' intentions. In describing the importance and role of deception, one must bear in mind that both the natural and social setting are structural elements constituting the Environment of Evolutionary Adaptedness (EEA; Tooby and Cosmides 1992) . Therefore, an adaptation to the social aspect of the EEA is important, since a great deal of an organism's wellbeing, and prospects of maintaining favorable contingencies for survival and reproduction prospects depend greatly on its communication with other members of the group. These organisms have had to develop means of concealing their intentions or any psychophysical features that might negatively affect: (a) the achievement of a short-term goals; and (b) the chances of reproduction in the long run. This is one reason for the existence of unobtrusive levels in communication.
What implication does this have for either the information processing or dynamic systems approach to communication? If we apply these basic communication principles to the communication theories above there is no actual direct implication for either the information processing approach or the dynamic systems approach. Neither approaches preclude the presence of deception-both parts of a communicative system could contribute equally to deception. Organisms are able to falsify a single signal and its meaning or they might also be able to manipulate the dance-like structure and mutual influencing of the dynamic system part. However, it may be speculated that falsifying a single obvious signal might be more obvious for detection than the subtler dance-like structure.
From an ecoethological viewpoint, communication must be seen as a behavior evolved under cost-benefit constraints. Individuals are benefit maximizers and pursue specific goals in order to optimize their reproductive success in the end. Since communication is employed by individuals driven by individual needs, they will also try to manipulate the receivers of their signals to support them in reaching the goals (Krebs and Dawkins 1984) .
Communicative signals can also be used to deceive others, either passively by withholding information, or actively by sending false information. There is extensive literature on deception in animals, where it has been shown that deceptive signals only work if the cost-benefit calculation of the receiver supports it: If the costs of mistrusting an honest signal are very high compared to the costs of being deceived and deception occurs not too frequently. Consequently, in a communication system it is not necessary for each signal to be truthful, as long as both sender and receiver benefit from communicating with each other on the long run. Of course the individual benefits can be maximized when eliminating deception incidences. This leads to the evolution of probing behavior in communication, that is asking for confirmation of the given information. Thus feedback in communication serves an important ecological function: It is a counter-deception measure, as it serves to keep the sender signaling (and the longer a deceptive sender signals the higher the likelihood of sending contradicting signals).
In this communicative arms race, interaction partners aim to find out the others goals, in order to maximize their own benefits. The goals might be reached more successfully when the own goals are kept secret, thus deception and manipulation intelligence will evolve. On the receiver side, the need to know the others goals will lead to the evolution of antideception intelligence. Both systems are subject to permanent optimization, and neither the sender nor the receiver will ever be completely adapted.
Whereas the sender tries to hide his intentions to remain unpredictable (proteanism) the receiver's goal is to apply successfully his theory of mind-deducing thinking from gesturing. Social knowledge can help to falsify signaling behavior on a metacognitive level, and increase the predictability of others by integrating knowledge of the past. In a social system, deceptive behavior can be fined or a bad reputation can disrupt new alliances. Apart from these social means, signal systems are also subject to this coevolution. Receivers try to impose costs on the sender, so that the production of the signal per se imposes great costs, and will be honest with a higher probability (Zahavi 2000) . The evolution of high repetition rates of signals points in the same direction. When probing, receivers can also impose high cognitive load, so the sender looses control over some channels and leaks. This can be reached by continuous probing through feedback, for example. When putting the sender under such pressure the different communication channels can be compared to each other; discrepancies are hints at deception. The emotional signal system can also serve the detection of deception, since emotional arousal leads to leaking, and emotions are contagious. Analog signals on the index level evolve to be reliable by a special selection process that differs from the process that selects all other characters other than signals: The evolution of a signal should impose a handicap (an investment) on the signaler because of the possible deception (Zahavi 2000) . The recipient has an interest in recognizing differences in quality or motivation between other individuals. That interest selects for standards of investment best suited to display variations in particular qualities or motivations of the signalers. The nature of the handicap is therefore related to the message encoded by the signal.
The index level of communication can therefore fulfill two requirements-it could be the basis for a tonic communication system and a possible source for honest unfalsifiable signals. Constraints thus demand solutions in the production and perception of communicative attempts-forced on an indexed unfalsifiable level. This poses the question how the indexed or analogous level of communication is organized.
Motion quality-assessing the index level of communication
Most human behavior can be described as dynamic changes in the surface and location of the human body. This is even true for postures, framed by movements which serve to assume and abandon them. This is certainly also true for speech and its prosodic features like voice tone, pitch, and loudness, which also are produced dynamically.
In German expression psychology, assessment of movement quality gained attention in the early twentieth century. With the invention of movie technologies new possibilities for movement analysis were created, which did not have to rely on subjective perceptions. Fischer (1911) proposed a new objective method for describing movements by measuring coordinates of the joints in each picture. Following this, Flach (1928) proposed that the purpose of a movement lies primarily in the specific gestalt of the dynamics. This systematic approach was unfortunately dropped very quickly, again to favor subjective interpretations of objectively gained movement data (for example distance/time curves). One early attempt to investigate perception of movements was done with line drawings, depicting the path of a person walking (frozen path technique). These lines were then described with movement characteristics and personality attributes. The assessments were related to identifiable physical characteristics of the patterns such as straightness, oscillation in direction, and angularity. Frequent changes in direction led to the assessment of the personality as impulsive, thoughtless, and flighty (Tagiuri 1960) . Johannson (1973 Johannson ( , 1976 fixed point lights to the joints of subjects and filmed their movements in the dark so in the video only moving dots are seen. Raters recognize sex, age, and movement patterns (e.g. walking) in moving dots, whereas in still pictures the points appear randomly distributed (Cutting and Proffitt 1981; Runeson and Frykholm 1983) . Observers are able to detect effort, intention, and deception from body movement (Runeson and Frykholm 1983) , and emotion from the face (Bassili 1979) .
There is substantial evidence that motion alone can provide a lot of information about a person. Dittrich et al. (1996) extended this approach to the question of whether it is possible to judge the emotional state of a human body from motion information alone. An ability to make this kind of judgment may imply that people are able to perceive emotion from patterns of movement without having to compute the detailed shape first. In this study subjects were shown brief video clips of two trained dancers (one male, one female). The dancers were aiming to convey the following emotions: fear, anger, grief, joy, surprise, and disgust. The video clips portrayed fully lit scenes and point-light scenes, with thirteen small points of light attached to the body of each dancer. Full-body clips gave good recognition of emotionality (88% correct), but the results for upright biological motion displays were also significantly above chance (63% correct). Biological motion displays, which convey no information while static, are able to give a rich description of the subject matter, including the ability to judge emotional state. This ability is disrupted when the image is inverted. Besides the recognition of gender and emotions from motion, Montepare, Zebrowitz, and McArthur (1988) showed the impact of age-related gait qualities on trait impressions depicted in point-light displays. Younger walkers were perceived as more powerful and happier than older walkers. A composite of youthful gait qualities predicted trait impressions regardless of the walkers' masculine gait qualities, sex, and perceived age.
These methods, however, cannot be used in unstaged interactions because application of the point-light displays and filming in the dark increases the subjects' self-awareness and alerts them to the researcher's interests (Berry et al. 1991) . Frey (1970 Frey ( , 1975 Frey and von Cranach 1973) developed a movement description method that measures the location of body parts relative to a grid, leading to an objective description in terms of variability and differentiation of movements. Hand movements were analyzed by Bente et al. (1975) who provided subjects with a marked pen and filmed them. The coordinates of the marks were automatically recorded. Grammer et al. (1997) proposed a new approach of movement analysis avoiding the weaknesses of repertoire analysis. This method is based on the automatic analysis of body contours in digitized film material. The motion data are based on the first derivate of video pictures over time (Figure 8 .2). The advantages of this method are mainly the reliability and the objectivity of the data. It provides physical movement parameters, such as speed, duration, number of single movement units, complexity, and emphasis, which are independent from the gestalt of the movement. This motion energy detection is analogous to visual perception of movements, where color, form, and depth are unnecessary to perceive movement, but which is based on the computation of contour changes (Livingstone and Hubel 1987) .
What determines motion?
In general motion is influenced by the laws of physics, that is the anatomy of a human body and its weight distributions, the neural mechanisms, which act as controls, and internal states, which can modify the control mechanisms.
Up to now we could identify the following possible influences of body build on movement: (1) Individual and sex-specific genetic influences on the biomechanical linkages, which can change movement quality. (2) Sex hormone influences on muscle build and fat distribution. Both factors will affect mass distribution and thus again movement quality. (3) Symmetry can influence mass distribution and the biomechanical linkages. (4) Current hormonal states might change motor patterns and thereby change motion quality.
In addition to these direct movement-related parameters, we must also take into consideration that movement of a body constantly changes the view an observer has of the body. This fact is independent of the movement itself, but might provide additional three-dimensional (3D) information on a body or face. Previous perceptual studies have assumed that the brain analyses texture and color of a surface independently of its 3D shape and viewing geometry (Troost 1998) . Body movement itself is primarily constraint by the laws of physics and is modulated in an individual person by the particular configuration of the biomechanical linkages and the respective motor control strategies. Consequently, movement quality should be determined by genetic factors, determining bone structures and muscles, which create the physical apparatus. In addition to this, there are either learned, or possibly innate, motor control strategies on a neuronal level. Another modifier could be the current physiological state and the influence of neurotransmitters (Cioni et al. 1997) . Thus body movements possibly reflect genetic factors and transient factors like current physiological states.
Human evolutionary anatomy suggests the human body represents adaptations to hunting in males and food gathering and childrearing in females. Therefore, we have to deal with the construction of the body in terms of energy consumption. Evidence comes from the study of primate locomotion. Witte, Preuschoft and Recknagel (1991) investigated the mechanical requirements of a bipedal walking primate and the possibilities to meet these requirements with a minimum of energy consumption. They found that average human body proportions of the legs and arms were distributed in a way that enables a human to walk faster without additional input of energy. If the proportions of the arms and the mass distribution of the arms is comparable to those of the legs, both arms and legs can be considered as pendulums which can swing at the same frequency and thus allow walking (and possible other gross body movements) at an optimum energy level compared to the output. These authors further point out that an elongated and slim trunk shape is necessary in order to provide a great mass moment and inertia and thus stability against leg movement. This suggests that there must be an optimal body shape for movement.
Motion ability also seems to depend from prenatal hormone environments. Recent evidence suggests that the relative length of the second to fourth finger (2D:4D ratio) is a pointer to prenatal testosterone levels and may thus serve as a window to the prenatal hormonal environment (Lutchmaya et al. 2004) . In a recent study, Manning and Taylor (2001) used ability in football as a proxy for male physical competitiveness. They found that professional football players had lower second-to-fourth digit ratios (2D:4D) than controls. The 2D:4D ratio acts as a measure of fluctuating asymmetry, and correlates negatively with prenatal and adult testosterone. Football players in first team squads had lower 2D:4D than reserves or youth team players. Players who had represented their country had lower ratios than those who had not. The authors suggest that prenatal and adult testosterone therefore promotes the development and maintenance of physical traits, which are useful in sports and athletics disciplines and in male-male fighting.
Moreover dance quality in males is also associated with the ratio of the length of the second to the fourth digit (2D:4D). Dancers with low (masculine) 2D:4D are perceived as more attractive, more dominant, and more masculine than dancers with high (feminine) 2D:4D. Fink et al. (2007) conclude that dancing is a signal for mate quality. 2D:4D is also associated with physical abilities, such a skiing performance (Manning 2002) .
The biomechanical linkages of the body show considerable sex differences, which will also have a general influence on body motion. For adult women the proportions of muscle strength to body height and weight remain much the same as for children. In adolescent boys, however, there appears to be an additional stimulus for muscle growth that is particularly noticeable in the muscles of the upper limb girdle. This increase in muscle mass is generated by testosterone during puberty (Jones and Round 1998). Under the influence of estrogen the female pelvis matures to its adult form and females become relatively wider-hipped and shorter-legged than their male age peers, with the difference especially marked in the shoulder/hip ratio (Johnston 1998) . Thus sex dimorphic traits will influence motion, and motion could be as sex specific as body build.
Symmetry finds its expression directly in motion quality. Møller, Sanotra, and Vestergaard (1999) showed that symmetric chickens show more coordinated and more efficient walking behavior. Deviations from perfect symmetry in paired traits such as ear size and nostril width also indicates developmental instability and/or short-term fluctuations in hormones. In both cases symmetry is thought to be optimal and to indicate high phenotypic quality. It has been found that the performance of middle-distance runners depends on the factors described above-the more symmetric they are, the higher is their performance (Manning and Pickup 1998) . It seems obvious that fluctuating asymmetry is not only present in the width of earlobes, elbows, ankles, or feet. The structures that underlie motion, that is muscles and bones, are also prone to asymmetry. This suggests that fluctuating asymmetry may be more visible in motion than in static appearance. We assume that fluctuating asymmetry generally influences motion abilities of the body. Assessing fluctuating asymmetry of a moving body would thus be easier than of a static one. Asymmetries of any kind in the limbs would disturb the optimal proportions and mass distribution of the limbs, which are prerequisites for optimal energy consumption during walking. Thornhill and Gangestad (1999) showed that more symmetric males had higher copulation frequencies and were perceived to be the better dancers. Brown et al. (2005) motion captured Jamaican dancers and transferred the movements onto 3D skeletal animations, which were then assessed by both male and female subjects. They could show that fluctuating asymmetry is negatively associated with perceived dance ability in both sexes, but the correlation is stronger in males. Additionally, they found women to be more sensitive to this signal, that is the difference between symmetric and asymmetric stimuli persons was more pronounced when assessed by females. Fluctuating asymmetry is known to affect physical abilities in animals (Martin and Lopez 2001; Swaddle 1997; Manning and Ockenden 1994; Møller et al. 1999) .
Facial movements and their symmetry also affect person perception. Riggio et al. (1991) showed that persons' attractiveness was assessed differently in video sequences and still pictures. There are sex differences in facial movements, insofar as men are more asymmetric (Alford and Alford 1981) and women are more animated, that is show a higher amount of movement (Morrison et al. 2007) .
Thus symmetry could not only be an indicator of developmental stability as proposed by Thornill and Gangestadt (1999) , it could also be an indicator of movement efficiency and thus bodily efficiency of an individual. However, since external developmental instability only reflects one part of developmental instability, effects of stress on the neural system might just as well account for the development and the expression of external asymmetries. Studies of animal behavior have indicated that the fractal dimension of repeated behavior such as movement differs between healthy and sick individuals (Alados et al. 1995) .
Another candidate for possible influences on body motion are current sex hormone levels. As we already mentioned, sex hormones will change general body build and generate a sex-dimorphic body build. Many structures that are involved in motor behavior are developed under the influence of sex hormones during puberty; for example size-related fat deposits in the breasts and buttocks. In men, sex hormones are responsible for typical male muscle composition (Swerdloff et al. 1992) , and are therefore a widely used means of increasing performance in athletics and bodybuilding. Thus male sex-hormone levels should not only be visible in static hormone markers (for example beard, jaw size, eyebrow) but also in a more prominent way, in male body movements. Sex hormones also affect motor patterns directly. From studies by Hampson and Kimura (1988) we know that females show better performance on several measures of manual speed and coordination in midluteal phase of the cycle than in menstrual phase. The same authors report better performance on the same motor tasks as above during the preovulatory surge in estrogen compared with their performance during menstruation. This finding suggests that higher levels of sex hormones may be associated with improved manual performance in women. Stenn and Klinge (1972) found that two of seven women examined during several cycles showed a peak in spontaneous arm movement activity during late luteal phase.
All these features are difficult to falsify because they are directly linked to the genetically determined construction of a body and thus could provide a link to honest signaling.
Motion and action tendencies
So far, the influential parameters on body motion suggest that there is probably more information embedded in motion quality itself than we suppose. But in addition to the quality we also can describe on the level of content, that is which parts of the body are moving. This information could also contribute to the perception and interpretation of motion. Moreover, this information is conveyed on a level where cognitive access is difficult and, also, when motion is linked to the anatomic and physiological parameters outlined above, it will be difficult to falsify motion itself.
Socioecological theory of embodied communication
According to the 'Behavioral Ecology View' theory (Fridlund 1991 (Fridlund , 1994 facial expressions work as social tools, as mimics of signal intentions and social motives, but they are not necessarily linked to emotions. One social motive can be associated with more than one emotion. Comprehension of the meaning of expressions has developed by coevolution with these signals. Hence, expressions must be reliable signals for future actions and selection must work against unintended displays of internal states if these displays can be disadvantageous to the sender. The sender should only signal his internal state if this promises an advantage, for example cry if he wants to be comforted and if there is a good chance of getting solace from somebody. Facial expressions can thus be regarded as manipulation tools for social interactions and they only have a meaning in a certain context. According to this theory, facial expressions have only evolved for one purpose: To activate particular reactions and behaviors in a vis-à-vis. Fridlund claims that even the facial expressions we produce when we are all by ourselves are "social" ones, as, from a psychological point of view, no one is ever alone. In these behavioral ecology approaches (Fridlund 1994 ) a prototypical expression of emotion does not mark the peak of an emotional experience, but rather reflects the social motives linked to the concomitant social interaction.
Indeed motion alone can communicate emotion, in our terms signals of action tendencies. Camurri et al. (2003) used abstract methods of motion description such as Quantity of Movement (QoM), equaling the number of pixels that have changed their grey value from one frame to the next in a video sequence of dancers. The number of peaks in the QoM curve describes the number of tempo changes or fluency, and the length of zero QoM describes the duration of stops. Impulsiveness is measured by the height of the peaks relative to their length. They found that speed in dancing is negatively associated with grief, that grief and fear are expressed by a high contraction index as opposed to joy, and anger and joy being characterized by higher QoM than grief.
In our view this approach can be extended to any type of expressive behavior. Expressive behavior triggered by emotional states could be interpreted in terms of action tendencies.
The mirror system
But how can such an inferential communication system work with respect to the brain-behavior relationship? The recently discovered mirror neurons could be an answer. Mirror neurons in monkeys (Gallese et al. 1996) appear to form a cortical system that matches observation and execution of goal-related motor action. These so-called F5 neurons fire, for instance, when the monkey sees another monkey or human moving his hands to grasp for an object. Fadiga et al. (1995) were the first to research this system in humans. While testing the excitability of the human motor cortex, they found that motor potentials evoked from the hand muscle area markedly increased when a participant merely watched a person grasping an object. Furthermore, the increase in excitability was present only in those muscles that were used by the subjects when actively performing the observed movements. Similar results were also found by Cochin et al.'s (1998) EEG analysis of the mirror system. Participants observed movies in which human movements were displayed. As a control, objects in movement and still objects were also presented.
Results showed that the observation of human movements, but not that of objects, desynchronizes the EEG pattern of the precentral motor cortex.
Experimental evidence suggests that a similar matching system also exists in humans. (Rizzolatti et al. 1996; Gallese et al. 1996; Iacoboni et al. 1999) . Buccino et al. (2001) used functional magnetic resonance imaging (fMRI) to localize brain areas that are active during the observation of actions made by another individual. The observation of both objectand non-object-related actions determined a somatotopically-organized activation of premotor cortex. The somatotopic pattern was similar to that of the classical motor cortex homunculus. During the observation of object-related actions, activation, also somatotopically organized, was additionally found in the posterior parietal lobe. Thus, when individuals observe an action, an internal replica of that action is automatically generated in their premotor cortex. In the case of object-related actions, a further objectrelated analysis is performed in the parietal lobe, as if the subjects were indeed using those objects. These results bring the previous concept of an action observation-action execution matching system (mirror system) into a broader perspective.
Such findings suggest that humans have a "mirror matching system". Whenever we are looking at someone performing an action, there is a concurrent activation of the motor circuits that are recruited when we ourselves perform that action. Although we do not overtly reproduce the observed action, our motor system nevertheless becomes activeas if we were executing that very same action. A mental simulation of a target's actions is of great adaptive benefit-it allows us to build a theory of mind and intention for the observed person. Such a system may provide a necessary bridge from "doing" to "communicating", as the link between actor and observer becomes a link between the sender and the receiver of a message.
The mirroring itself seems to be movement-related, and the tie between producer and receiver seems to be the goal directedness of the movement. Thus the receiver would not have only a theory of the intentions of what other people will do or enact-we also would have a direct link to the internal states of these people. Gallese (2001) proposes that motor neurons functionality results in a communicative situation that he calls "the shared manifold". The shared manifold would hold information about movement intentions of others, but its presence will also enable an observer to assess a target's emotions, feelings, and thus their behavioral tendencies, intentions, and goals. In this view the mirror system is crucial to establish an empathic link between different individuals. The shared manifold enables intersubjective communication.
What might be the functional role of this matching system? One possible function is to enable an organism to detect certain mental states of observed conspecifics through their motion and the qualitative changes of body motions. Gallese and Goldman (1998) suggest that in humans the mirror neurons represent a primitive version of a simulation heuristics that might underlie mind reading and recently Williams et al. (2001) extended this by suggesting that sophisticated cortical neuronal systems have evolved in which mirror neurons function as key elements in order to become utilized to perform social cognitive functions. Humans thus might be able to use their own mental states to predict and explain mental processes of others from seeing their body movements. In our view this system is an action recognition system that functions as the receiver part of the necessity to demonstrate action tendencies via motions.
Information in body motion
So far we have outlined that in communication constraints are present which will lead to deception and counter deception intelligence, and we proposed that the analog indexed level of communication will be its playground. We have also pointed out that motion quality itself will be hard to falsify because it depends on parameters that are not accessible consciously. The signaling system itself should be related to the tendency to show (or hide) action tendencies, and this should lead a perceiver to try to assess this level of communication. The question then will be what type of information might be assessed on this level and how it is related to the presence or absence of action tendencies.
Charisma cam-personality in body motion
There were probably strong selection forces for people to recognize if an individual in the group had certain talents and abilities (Buss 1990 ). Thus, from an evolutionary perspective that emphasizes group formation and group functioning, the ability to accurately assess personality traits is an important skill. Consequently, it seems likely that for adaptive group functioning it is important not only that perceivers agree about who is extraverted, but also that the consensual impression is accurate. To facilitate such agreement and accuracy, extraversion should be closely and reliably tied to observable behavior.
Indeed "conscientiousness" and "extraversion" are the two of the Big Five personality traits that have been demonstrated to be accurately decodable from non-verbal cues (Albright et al. 1988; Borkenau and Liebler 1993; Funder and Colvin 1988; Funder and Dobroth 1987; Kenny et al. 1992; Levesque and Kenny 1993; Lippa and Dietz 2000; Watson 1989 ). When we look at the possible cues that observers are able to depict we find considerable differences. Albright, Kenny, and Malloy (1988) found that the judgment of extraversion is highly mediated by physical attractiveness. Other studies, like that from Levesque and Kenny (1993) , used gross descriptors such as "body lean", "voice animation", "smiling", "gaze", "talking", or "gesticulating" to determine extroversion correlates. In another experiment by Kenny et al. (1992) the frequency of smiling and the frequency of rapid body movements were related to extraversion, whereas Ambady and Rosenthal (1993) used more refined descriptors but did not come to a more detailed explanation. Asendorpf and Scherer (1983) measured differences between anxiety-repressors, low anxious people, and high anxious people on a two-dimensional social desirability and a manifest anxiety scale. They found a correlation between anxiety, heart rate, and facial expressions. Several studies showed that the personality dimensions "sociability" and "extraversion" could accurately be decoded from non-verbal cues (Albright et al. 1988; Borkenau and Liebler 1993; Funder and Colvin 1988; Funder and Dobroth 1987) .
Although many studies agree that personality traits are communicated through nonverbal behavior, it could be that categorical approaches fail to give more detailed results partially because a great deal of information about personality could be encoded in movement quality. In our view personality traits are closely linked to action tendenciesthat is how a person might act or react in a certain situation, thus personality is not a trait per se, it is closely linked to the probability of how a person might act or react in a certain situation. Seen this way personality is a cue to action and thus necessary information either to send or to perceive. Bechinie and Grammer (2003) investigated whether motion quality, as described with motion energy detection, conveys information about the personality; 57 male and 37 female students danced without music and were videotaped; additionally they filled out a personality questionnaire. The factor loadings for each person for the "Big Five Personality Factors" provided the learning output for a neural network (Stuttgart Neural Network Simulator, SNNS), and on the input layer it was fed with the motion data. It was able to classify 66% of the test set correctly. The accuracy varies for the different personality factors: extraversion and sociability 55%, openness 60%, emotional stability and conscientiousness 80%.
Zuckerman and Kuhlman (2000) assume that personality traits such as sensation seeking are influenced by complex interactions of neurotransmitters and sex hormones. He suggests that impulsive risk-taking behavior is based on a highly reactive dopaminergic system, which could influence active seeking behavior, a weakly reactive serotoninergic system, which leads to disinhibition and impulsivity, and a weak noradrenergic system, which could lead to chronic "under arousal". The combination of these effects fosters a strong appeal to new, unknown situations. He further suggests two possible pathways for the influence of dopamine on risk-taking readiness: Either risk takers have very high levels of dopamine, or the opposite is true and they have to actively search for new, exciting experiences in order to activate their dopamine system. Grammer et al. (unpublished) analyzed the motion energy in body motions of young males during a communication task and they found that disinhibition is correlated with a number of movement parameters: complexity, speed, and emphasis of the lower body region and speed and complexity of the whole body. Above that, alcohol consumption decreases speed, expressiveness and emphasis and increases complexity. Neural networks could reliably classify alcohol consumption.
A possible relation between body build and personality was demonstrated by Fink et al. (2006) on the side of perceivers. College students' attributions of a set of 20 female faces varying in facial symmetry were recorded. Faces high in symmetry received significantly higher ratings of attractiveness, health, and personality attributes (i.e. sociable, intelligent, lively, self-confident, balanced). Faces low in symmetry were rated as being more anxious. These differences were not caused by an attractiveness stereotype. People seem to consider facial symmetry as a cue to an individuals' quality with regard to certain personality characteristics. As we have outlined, symmetry influences motion-this could be the link between the two observations. This finding was extended by Fink et al. (2006) who examined the possibility that prenatal hormones-as measured via 2D:4D finger length ratio (see above)-may influence the development of certain personality characteristics associated with sensation seeking. They found a relation between male testosterone triggered finger ratios and high sensation seeking tendencies in males.
We can see that motion conveys information about personality parameters and thus action and reaction bandwidth, which can be used as predictors for future or actual behavior of a person.
Expressiveness and impression formation
Across numerous studies, expressive people appear to be more attractive than unexpressive people (Friedman et al. 1988; Larrance and Zuckerman 1981; Riggio and Friedman 1986) . DePaulo (1992) speculates that this is the case because they simply are endowed with greater physical beauty. But there may be more to it. The attempts of unattractive people to behave more expressively enhances their attractiveness and expressive people seem to know how to regulate their attractiveness so that they can manage to appear beautiful even under difficult conditions that make others look less physically appealing. Sabatelli and Rubin (1986) have shown that physically attractive people are better at communicating their emotions spontaneously and that they are more successful in controlling their non-verbal behaviors. DePaulo (1992) proposes that this is due to the fact that attractive people have more confidence and ability. It is possible to extend this idea with the suggestion that expressiveness is movement and the quality of movement.
Renninger (2004) investigated the extent to which the characteristics of physical attractiveness and facial animatedness interact to influence the perception of a target. Male and female computer models were used to represent different levels of facial attractiveness (attractive vs. unattractive) and expressive style (high expressive and low expressive). Using participants' ratings of their impressions of these targets, she found that for females and males rating males, and for females rating females, facial expressiveness level, more than physical attractiveness level, alters a target's likeability. Especially when a male target is unattractive, high expressiveness can enhance his likeability ratings. In addition, it was found that female participants are particularly sensitive to the domain of expressive style, and that a female's menstrual cycle state can alter her interpersonal impressions of male, but not female, targets (Renninger 2004) . Morrison et al. (2007) applied a similar method to capture facial movements and found that sex can be attributed correctly to a moving avatar. In female faces, sex typicality correlated with attractiveness, that is female movements that were highly reliably recognized as female were also perceived as more attractive. In male faces, no correlation between masculinity and attractiveness was found. They further analyzed the movement-blinks, shakes, nods, tilts, and total movement-and all these measures were more pronounced in females. None of these five factors predicted attractiveness, though. Grammer et al. (2003) investigated the relationship between body movements and attractiveness ratings. Free dancing movements were recorded at a discotheque. The video displays were blurred through the application of a quantization (mosaic) function that reduced each frame to 20 pixels horizontal and 20 pixels vertical. This procedure hides structural aspects (such as color and texture of clothes) of the person while preserving the movement information (Berry et al. 1991) . The quantized displays were rated for attractiveness and eroticism. The results suggest that men convey information through movements of the lower body, whereas women convey information through movements of the upper body. Men and women were judged as being more attractive and erotic, the bigger the sweep of their movements. Additionally, women appeared to be more attractive and erotic as their body movement became slower and less complex.
Like in the relation between motion abilities and personality there seems to be also a link between dancing and perception of personality and body build. Fink et al. (2007) found that dances by men with low (masculinized) 2D:4D ratios were rated significantly higher on attractiveness, dominance, and masculinity than dancers with high (feminized) 2D:4D. Since there is evidence that finger-length ratios correlate negatively with testosterone exposure in utero, male dancing abilities may be organized early during development.
Intention recognition at zero acquaintance
Besides this more global information about reaction-action-bandwidth it also seems possible to encode action tendencies directly into motion. Grammer et al. (1996) investigated movements in social interactions between strangers in a waiting room situation. Mixed-sex dyads of strangers met and interacted for 10 minutes while they were videotaped with a hidden camera. The experiment was made in Japan and in Germany. This situation can be described in terms of high risk of social non-acceptance; thus communication should be forced into a manipulative level. After the experiment, the subjects made a self-report on their interest in their partner and how pleasant they found the interaction.
The first two minutes of the video clips were analyzed first with traditional methods and then with motion energy detection. Traditional analyses yielded cultural differences between Japan and Germany. A typical Japanese behavior is "nodding" which occurs with comparably lower frequencies in Germany. When the frequencies of the generic behavior codes were correlated with male and female interest, no significant correlations were found. On the other hand, motion energy detection reached similar results in Japan and in Germany. Females changed the quality of their behavior when they were interested in the male. These qualitative changes were not due to mere nervousness or excitementthe females actually moved more, but showed smaller and slower movements. These qualitative changes give an impression of slow and determined movements where the single parts were accentuated. Males reacted to these qualitative modifications positively and experienced the situation as more pleasant although their interest in the partner is not affected. In addition, males who perceive the situation positively talk more. Thus we can conclude that it is not the content of non-verbal behavior, but the quality of the movement, that actually holds the information about the interest of the sender.
One objection could be that the movements are generated by speech and lively conversation between the interactants. This was not confirmed. The amount of speech did not correlate with qualitative changes in the female behavior or with female interest. When the correlations between movement data and interest where corrected for speech, it became clear that non-verbal behavior is the means of communication in this situation. Thus in real-life situations with high risk potential, non-verbal behavior on an index level could play the main role in communication. The evolutionary theory behind this explanation is the fact that females actually have a greater risk in male-female interactions than males (Trivers 1972) . But it is not only the risk of loosing investment: Actually the risk of being deceived by a male is quite high. In a questionnaire study by Tooke and Camire (1991) 60% of the males reported that they had used deception in such interactions. Thus it seems logical that females would try to manipulate the males slowly without revealing their intentions in order to gather information about the male's behavior tendencies. This is possible when the male feels pleasant and starts to talk and reveal information.
Inferring internal states
Sex hormones may also influence the quality of body motion. As we have outlined above, sex hormones affect the whole body structure and cause sexual dimorphism in the physique but motor patterns are also directly affected by sex hormones. Grammer, Filova, and Fieder (1997) found differences in female movement quality between different stages of the menstrual cycle in a self-presentation task. Women were videotaped when making a complete turnaround (i.e. 360∞). Women showed slower and more complex movements when they were in the presence of a male experimenter and had high estrogen levels. A neural network was trained successfully to classify high estrogen levels in females from their body movement with 100% reliability. These results support the assumption that sex hormone levels should be detectable in body movement quality.
From these results we can hypothesize that the quality of behavior may also change in order to signal sexual availability-yet another action tendency.
Matching
Empirical evidence for the description of the dance metaphor and coupling is rare. Grammer, Kruck, and Magnusson (1998) showed that rhythmical patterning of movements alone and not their content is responsible for creating positive feelings in interactions. Thus moving together in interactions creates a rhythmical dance situation with a specific time structure. However, these analyses were unable to demonstrate a relation between synchronization defined in terms of movement echo or position mirroring and subjective experience of pleasure and interest in another person in opposite-sex encounters, which were carried out with a traditional category coding method. Significant results were found for a phenomenon we describe as hierarchically patterned synchronization. These patterns were identified with the help of a search algorithm called THEME (Magnusson 2000) . If a female is interested in a male, highly complex patterns of behavior with a constant time structure emerge. This means that after a given behavior A, behavior B follows in a constant time interval repeatedly. But A and B together form a new unit, AB which might create a pattern with behavior C, and so on. The patterns are pair-specific and independent from a behavioral content. This clearly underlines that such dynamic processes exist in social interactions and that communication is a dynamic pattern creation process. Only a few of the resulting patterns occurred twice and each dyad created their own patterns. The patterns can only be identified by their rhythmical structure and not by their content. Communicating partners continuously establish and sustain a feeling of shared rhythm and movement. Interestingly enough-all behavior categories from this study which where defined as "courtship signals" by Moore (1998) did not play a role for the patterns. This means that there are at least two levels of communication, one is an information processing system with defined signals, and the other operates on a dynamic level. We could speculate that defined signals have probably another function but are not suitable for creating rapport. While defined signals may have communication value, they are not the key components for the creation of interaction rapport. Rapport operates mainly on a dynamic index level of communication. Grammer and Weixler's (1999) analysis of body movements and laughter also pointed toward the existence of an underlying dynamic synchronization pattern across sensory modalities. Results showed that when comparing body movements and the power (frequency * amplitude) of laughter, there is a cross lag correlation between female laughter and male movements. Further, the number of significant correlations is connected to female interest. When female interest is high, the male synchronizes his body movements with the female's sound production on a micro level. Males' body movements reach their apex of movement exactly at the time where the female laughter has its highest power. This occurs throughout the laughter episode itself; throughout the staccato of laughter the male moves rhythmically in unison (Grammer et al. 2000) . Grammer et al. (1997) investigated the reaction of men to women turning around in front of a camera. The results suggest that single females react toward a male stimulus by changing the quality of their behavior. When we correlate the stimulus male's behavior quality with those of the subjects, we do not find any significant correlation. Thus it seems that males do not notice the female's qualitative behavior changes directly. It is also possible to directly test if the male reacts to female estrogen levels. The stimulus male's behavior depends on the paired female's estrogen levels. He changes the duration of the movements, makes more bursts and more complex movements. The stimulus female does not show any significant reaction to other female's estrogen levels.
Reactions to motion
But as we know, there is no direct coupling between the males' and the females' qualitative behavior changes, that is the stimulus males' movement quality does not change parallel to the subjects' qualitative change. Maybe the males use other sources for information, like skin exposure or tightness of clothes.
If this is the case, the reaction of the stimulus males might not be due to qualitative changes in female behavior at all. The reaction of the males could be a reaction to the exalted sexual signaling through clothing style. Thus we controlled the correlations between stimulus behavior and estrogen levels for skin with partial correlations. The correlations for the male stimulus reactions to unpaired females estrogen levels do not disappear.
So far the results suggest that the behavioral changes are actually changes that occur together with high estrogen levels. We may conclude that females who develop interest in a male signal high estrogen levels. If this assumption is true, then we should expect that these changes are present in all females with high estrogen levels and that it is impossible to suppress these changes completely. Nevertheless under the right stimulus conditions, females could either fake or super elevate them, suggesting a cognitive accessibility.
Females with higher estrogen levels show higher information content in their movements when they are confronted with the stimulus male, but the male reacts only to females who have a romantic partner. We have found the highest values of information content when a female stimulus is present but there is no difference between paired and single females when a male stimulus is present.
So far we can conclude that it is possible to describe intentions in communicative acts with the help of qualitative changes in movements. Yet it is still unclear which changes are present, because motion energy detection only crudely describes qualitative changes on a holistic level.
Embodiment is motion
In this article we are suggesting that embodiment actually is present in human communication on an indexed analog level where the physical body and its action tendencies are linked. If there are links between the actual form of the body and its motion capabilities then this is the essence of embodiment itself.
Indeed these motion capabilities are not separated from the persons' action tendencies or reactive bandwidth. When action tendencies are some kind of basis for communication as proposed by the socioecological view of communication then motion and motion capabilities provide essential cues in communication. We have also shown that our brain indeed might have a neural system to simulate and thus gain access to this level. The level of analog and index communication basically can be subsumed under the term of expressive style-this means that on this level we deal not with "what you do" but also with "how you do it".
Yet it seems unclear whether and how the relationship between action tendencies and body construction comes about. We can speculate that the development of the body is not a separate, isolated process from the development of brains. Further, body development and brain development could be linked among others via prenatal hormonal environments. There are indeed hints that prenatal hormones might influence several personality factors. Lippa (2006) for instance shows a weak relation between 2D:4D ratios and the personality traits of extroversion and openness to experience. But in a critical overview by Putz et al. (2004) , the use of 2D:4D as an index of prenatal influence of testosterone is questioned, because of low effect sizes and sometimes contradictory results and it has to be shown in the future that these relationships can be established on a broader basis.
Besides our look at the very nature of embodiment we also tried to demonstrate that communication takes place on different levels where the lowest level also holds vital information. We argued that a sequential information processing approach is inadequate for the description of communication and that communication is a multilevel dynamic process. We also demonstrated that the level of analog index communication holds vital information for a receiver and this could also be in the interest of the sender. Constraints on communication processes, with possible deception as one of the main problems, demand for a level, which is neither too obvious (hide your intentions and communicate tonically) nor falsifiable (become the victim of deception). Thus both sender and receiver might profit from communication on such a level.
Signal handicap theory (Zahavi 1997) demands that a signal in order to be perceived as honest must impose either production costs to the sender or the costs of falsifying it must be high. But there is more than costs related to signal production. Due to the possibility of deception trust becomes a central theme in communication.
When engaged in a conversation, an improperly timed or uncoordinated movement, gaze or eyebrow lift, or a smile that is too fast or too slow for the conversational context can change the entire meaning of an interaction. This occurs not only when a person is speaking, but also when a person is a listening. (Up to 20% of facial animations that occur during a conversation are back-channel cues and are performed when the individual is not talking; Bavelas and Chovil 1997.) Therefore, when two people are interacting, in order for a person's facial expressions to appear fluid, genuine, and fitting, attention is a crucial factor. Schmidt and Cohen (2001) , in their discussion of expressions as adaptations, emphasize that the cost of expressive signaling is likely to be in the neural processing resources dedicated to the conversation partner, since only by paying attention to the receiver can the sender continue to signal correctly (both while listening and while talking).
That is, in order for expressions to work properly, the expresser must pay specific attention to the context and patterning of his or her conversation partner's words and actions. Regarding "high" and "low" expressive styles this means: If someone is speaking with us and they are highly (and appropriately) expressive while listening and speaking, they signal that they are giving us their attention, which is a limited resource. Compared to a person who is less expressive (e.g. investing less energy in the interaction), the highly expressive person will be liked better. They are liked better not necessarily because they provide more social or emotional cues (although these too may increase likeability if they appear honest; see Brown et al. 2003) , but rather because they provide a constant signal that they are paying attention to us-something which is costly (since this attention could have been directed to other sources) and this investment makes them likeable and trustworthy.
Homo sapiens evolved to fit a pattern of group life in which stable, long-term relationships can provide a context for reciprocal altruism (Trivers 1971) . It is in this context of repeated interactions that patterns can provide interactants with the information they need to interpret others' intentions, altruistic or deceptive (see also Silk et al. 2000) . Brown and Moore (2000) have suggested that when such conditions are present, an "altruist detector" mechanism might in some cases be more valuable than a "cheating detector" mechanism. Schmidt and Cohen (2001) hypothesize that this detector can depend on small, repeat performance stimuli such as facial expressions (see also Dawkins 1993) . This is the essence of our proposed communication level-which indeed allows tonic communication. If a pattern of signaling that corresponds with reliable affiliate tendency (here, "attention giving" tendency or skill via a highly expressive style) can be maintained, then the pattern can be ritualized as a representation of the sender's altruistic and affiliate nature.
This explanation of facial expressiveness as a stable, personality linked "attention signal" or "altruist signal" (Schmidt and Cohen 2001) is consistent with previous research that shows the primary goal of facial expression is self-presentation (DePaulo 1992), and research which finds that expressiveness correlates only with the social dimensions of personality (extraversion, sociability, and dominance) and not with any intrinsic, non-social dimensions (e.g. emotionality) (Gallaher 1992) .
In the future, more direct tests of this proposed "expressiveness-affiliation signal" theory are necessary. It would be interesting to see if people who score high on altruism tests also score high in expressiveness style (general animatedness rather than just specific emotion-related signals). Future research might also use this expressiveness-affiliation paradigm to detect further indicators of affiliative interest and intent, perhaps as Grammer et al. (1999 Grammer et al. ( , 2002 suggest-as outlined here through inferences communicated via dynamic movement pattern and quality, which are general properties of a dynamic communication system.
Besides a better understanding of communication processes, this work also aims to be applicable in every-day-life situations. These effects have a broad impact on the construction of embodied agents as user interfaces. In their book The Media Equation Reeves and Nass (1996) demonstrate that people interact with computers like with real people. This may also indicate that people themselves prefer to be treated by computers in an emotional way. But what should an interaction between man and machine look like in order to meet social and emotional demands of humans, and to be comparable to reallife situations? One way is the implementation of emotional feedback from the computer on the analog index level behavior, because people react most intensely to non-verbal communication, even if it is abstract (Reeves and Nass 1996) .
Indeed humans seem to have a general perceptual strategy that leads to phenomena of animism and anthropomorphism. Animism is the attribution of life to the non-living, whereas anthropomorphism is the interpretation of non-human beings and things in human terms (Guthrie 1993) . Such a hyperactive agent detection device is assumed to have evolved because the adaptive advantage of detecting every agent is much higher than the costs of being mistaken (Bulbulia 2004) . As a result, for instance, we are tempted to see faces everywhere, such as in clouds, stones, and cars (Guthrie 1993 ) and we tend to treat our object environment socially. This also means that our brain will try to interpret even its non-social environment as primarily social )-because of the adaptive advantage to find and gather information from expressive style. This closes our loop of arguments that deception is one of the basic constraints on communication and that deception enforces communication on the index analog level. Xiao (2001) addresses a basic problem in the interaction with machines, which isamong others-trust. If anthropomorphic agents have any use in the construction of human-machine interfaces, they should arbitrate "trust". But in contrast to Xiao (2001) , we think that this cannot only be done by providing explanations and justifying actions, trust is communicated via expressive style on the levels we have discussed.
